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Background: Pediatric thyroidectomy has been identified as a surgical procedure that may benefit from
concentrating cases to high-volume surgeons. This systematic review aimed to address the definition of
“high-volume surgeon” for pediatric thyroidectomy and to examine the relationship between surgeon
volume and outcomes.

Methods: PubMed, Embase, Cochrane Library, Scopus, Web of Science, ClinicalTrials.gov, and OpenGrey
databases were searched for through February 2020 for studies which reported on pediatric thyroidec-
tomy and specified surgeon volume and surgical outcomes.

Results: Ten studies, encompassing 6430 patients, were included in the review. Five single-center retro-
spective studies reported only on high-volume surgeons, one single center retrospective study reported
on only low-volume surgeons, and four national database studies (2 cross sectional, 2 retrospective re-
views) reported outcomes for both high-volume and low-volume surgeons. Majority of patients under-
went total thyroidectomy (54.9%); common indications for surgery were malignancy (41.7%) and hyper-
thyroidism/thyroiditis (40.5%). Rates of transient hypocalcemia (11.4% - 74.2%), transient recurrent la-
ryngeal nerve injury (0% - 9.7%), and bleeding (0.5% - 4.3%) varied across studies. Definitions for high-
volume pediatric thyroid surgeons ranged from >9 annual pediatric thyroid operations to >200 annual
thyroid operations (with >30 pediatric cases). Four studies reported significantly better outcomes, in-
cluding lower post-operative complications and shorter length of hospital stay, for patients treated by
high-volume surgeons.

Conclusions: Despite significant variation in caseloads to define volume, pediatric thyroid patients have
generally better outcomes when operated on by higher volume surgeons. Concentration thyroidectomy

cases to a smaller cohort of surgeons within pediatric practices may confer improved outcomes.
Level of evidence: Systematic Reviews and Meta-Analyses; Level IV

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

While less common than for adults, children undergo total or
partial thyroidectomy for a variety of indications including nodules,
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Thyroid Association; NIS, National Inpatient Sample; NHLBI, National Heart Lung
and Blood Institute; PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-analyses; PHIS, Public Health Information System; QA, Quality Assessment;
RLN, Recurrent Laryngeal Nerve.
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malignancy, Graves’ disease, thyroid goiter, and multiple endocrine
neoplasia syndromes [1,2]. Pediatric patients with thyroid malig-
nancy more commonly present with metastatic and advanced dis-
ease compared to adults [3-5]. Furthermore, pediatric patients un-
dergoing thyroidectomy have been reported to incur higher rates
of operative complications than adult patients [6-10].

Several studies have shown a positive association with higher
surgeon volume and improved patient outcomes (e.g., length of
stay, recurrent laryngeal nerve injury) in adult thyroidectomy and
parathyroidectomy [10-13]. The 2015 American Thyroid Association
(ATA) guidelines for thyroid cancer care in children recommended
that children be operated upon by experienced thyroid surgeons
[14]. The ATA further references “experienced” as surgeons who
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perform 30 or more cervical endocrine procedures annually [6,9].
In 2020, the American Pediatric Surgical Association (APSA) Cancer
Committee also noted the benefits of referring children with dif-
ferentiated thyroid carcinoma to surgeons with “extensive experi-
ence” in performing cervical procedures, though no case threshold
was proposed to define such experience [15].

In addition to considerable heterogeneity in definitions of
“high-volume” among surgeons performing pediatric thyroid
surgery, there is a lack of comparable multi-center data. Our aim
was to conduct a systematic review to address the definition of
“high-volume”, and to further examine the relationship between
surgeon volume and outcomes after pediatric thyroidectomy.

2. Methods

This study followed the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines [16]. This
study was not registered; a specific review protocol was not pre-
pared but data extracted are outlined below.

2.1. Eligibility and search strategy

This review was comprised of studies that included pediatric
patients who underwent thyroidectomy and reported the opera-
tive volume of the surgeons involved in the cases examined. Sur-
geon volume was defined as number of thyroid operations (total
or partial thyroidectomy, with or without lymph node dissection)
per year. All indications for thyroid surgery were included. Pri-
mary outcomes of interest included rates of postoperative hypocal-
cemia, permanent hypoparathyroidism, transient and permanent
recurrent laryngeal nerve (RLN) injury, and major bleeding.

We examined PubMed, Embase, Cochrane Library, Scopus, Web
of Science, ClinicalTrials.gov, and OpenGrey for our search. Search
terms and adaptations are outlined in Supplementary Table 1. The
initial query was developed in consultation with a library scien-
tist and refined to ensure that cornerstone articles appeared in the
search results. The final search was conducted in February 2020.
Articles were included if they reported a thyroid case per year
threshold and self-reported as high-volume surgeons, low-volume
surgeons, or included separate analysis of both high- and low-
volume surgeons. Studies that only reported hospital volume and
not surgeon volume, did not report on pediatric outcomes, or were
not available in English language were excluded.

2.2. Data extraction and analysis

Rayyan QCRI software was used to collect, organize, and mange
titles [17]. Titles and abstracts of published articles identified were
reviewed by two independent reviewers (SO, MI) with adjudication
provided by a third author (MVR or JR). Three authors (SO, MI, PG)
reviewed full text articles and extracted data on defined surgeon
volumes, procedures performed, patient demographics, and rates
of all clinical outcomes after thyroid surgery.

Outcomes of interest (transient hypocalcemia, permanent hy-
poparathyroidism, transient RLN injury, bleeding) were reported as
defined by each individual study. Study definitions varied and are
listed in Supplementary Table 2. Studies that did not report rates
of follow up were unable to reliably distinguish between transient
and permanent complications; based on this limitation complica-
tions of hypocalcemia and RLN injury were not divided into tran-
sient and permanent for studies without defined follow-up. Ad-
ditional, not pre-specified demographic, outcome, or surgeon data
that was reported by multiple studies was extracted for qualitative
comparison.

2.3. Quality assessment

Two independent reviewers (SO, MI) appraised each study us-
ing the National Institutes of Health National Heart Lung and Blood
Institute (NHLBI) Study Quality Assessment (QA) Tools [18]. Dis-
crepancies in quality appraisal were resolved through adjudication
with a third author (MVR). The studies were evaluated using the
quality assessment tool that best fit the study description (obser-
vational cohort and cross-sectional studies or case series studies).
Following the NHLBI reported guidelines for the QA tools, studies
with a “fatal flaw” that introduced significant risk of bias (such as
concerns about internal validity, selection bias, and unaccounted
for confounding variables) were deemed poor quality; fair stud-
ies were classified as those with some risk of bias but none that
severely impaired the interpretation of the study; good studies ei-
ther clearly accounted for or contained low risk of bias.

2.4. Statistical analysis

Point estimates and their 95% confidence intervals were calcu-
lated for demographic data, surgical indication, and type of opera-
tion. To make estimates feasible surgical indications were classified
into three categories: “malignancy”, “hyperthyroidism/thyroiditis”,
and “other”. The category of “malignancy” included malignancy,
nodulectomy, and MEN2 prophylaxis. “Hyperthyroidism/thyroiditis”
included goiter, Graves’ disease, Hashimoto’s thyroiditis, thyroiditis,
and hyperthyroidism. The surgical indication category of “other”
included benign neoplasm, thyroid cyst, completion surgery, and
other/unspecified indications. Procedure type was dichotomized
into “total thyroidectomy” (included total thyroidectomy, subster-
nal thyroidectomy, and prophylactic thyroidectomy) and “other”.
Point estimates and analyses were performed using R (R Core
Team, 2019). Descriptive analyses were conducted in Excel v. 16.42.

3. Results
3.1. Study selection

After removing duplicates, 57 potential references were ob-
tained on initial search. Following abstract screening, 18 full-text
articles were assessed, of which 10 studies were eligible for inclu-
sion in review and pooled analyses [3,6,9,19-25]. The PRISMA dia-
gram outlining each step of inclusion and exclusion is provided in
Supplementary Figure 1.

3.2. Quality assessment

Of the 10 studies, 5 were rated as good, 4 as fair, and 1 as poor.
Studies included single institutional case series (n = 5), national
database cross-sectional studies (n = 3), a national database cohort
study (n = 1), and a single institution case control study (n = 1).
Primary weaknesses included reported low follow-up rates, non-
standardized definitions of outcomes assessed, and lack of con-
trolling for confounding factors that may bias analysis of surgeon-
volume effect on outcomes. One study had majority of patients
followed through 6 months[22], 1 study reported mean follow-up
of 2.7 years[21], 1 study had greater than 3 years of follow-up
on most patients[25], 4 studies had no follow-up beyond hospital
visit[3,6,9,24], 1 study had hospital re-admission data through 90
months but was limited by patients being readmitted to hospitals
in the PHIS database[23], 1 study reported complete follow-up of
patients but did not specify a timeframe[19], 1 study commented
on “long term follow-up” but did not reference a time frame or
rates of patient adherence[20]. Further details on the quality ap-
praisal are included in Table 1.
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Table 1
Data sources and quality assessment of included studies.

Source Study Design Data Collection Site Centers Years data Evidence Quality
included in collected Quality Rating? assessment”
data

Single-center studies

Baumgarten et al., [19] Retrospective Review Children’s Hospital of Philadelphia, 1 2009-2017 4 Good

of Single Center Philadelphia, PA, USA

Breuer et al., [20] Retrospective Review Yale New Haven Children’s Hospital, 1 2002-2010 4 Good

of Single Center New Haven, CT, USA

Bussieres et al., [21] retrospective cohort center hospitalier universitaire 1 2006 - 2015 3 Poor®

review of single center sainte-justine, montreal, quebec, ca

Chen et al., [22] Retrospective Review Massachusetts General Hospital, 1 1992-2013 4 Fair

of Single Center Boston, MA, USA

Elfenbein et al., [24] Retrospective Review University of Wisconsin Health 1 2009-2013 4 Good

of Single Center University Hospital, Madison, WI, USA

Wood et al., [25] Retrospective Review The Children’s Hospital, Aurora, CO, 1 1995-2009 4 Fair

of Single Center USA

Multi-center studies

Al-Qurayshi et al., [3] Retrospective Review Nationwide Inpatient Sample ~ 1000 2003-2010 3 Good*®

of National Data Base hospitals

Drews et al., [23] Retrospective Review Pediatric Health Information System 52 Children’s 2005-2016 3 Good*

of National Data Base Hospitals

Sosa et al., [9] Cross-sectional Healthcare Cost and Utilization ~ 1000 1999-2005 4 Fair¢

analysis of National Project Nationwide Inpatient Sample  hospitals
Data Base database
Tuggle et al., [6] Cross-sectional Healthcare Cost and Utilization 230 Hospitals, 1999-2005 4 Fair¢

analysis of National
Data Base

Project Nationwide Inpatient Sample
database

448 Surgeons

2 Assess using Quality Rating Scheme for Studies and Other Evidence; 1- Properly powered and conducted randomized clinical trial; systematic review with meta-analysis,
2- Well-designed controlled trial without randomization; prospective comparative cohort trial, 3- Case-control studies; retrospective cohort study, 4- Case series with or
without intervention; cross-sectional study, 5- Opinion of respected authorities; case reports.

3 Assessed using National Institutes of Health National Heart Lung and Blood Institute (NHLBI) Study Quality Assessment (QA) Tools.

@ Studies evaluated as Observation Cohort and Cross-Sectional Studies; all other studies evaluated as Case Series.

3.3. Patient demographics

The baseline demographic and disease characteristics of the pa-
tients from each included study are detailed in Table 2. Overall, the
majority of cohorts included predominant female patients (78.2%
female), of early teen age (range of reported medians 13-15, range
of reported means 9.7-15.4). Three studies included patients older
than 18 as pediatric based on their center’s case history or being
treated at a Children’s hospital 19,[23-25|. The majority of thy-
roid surgeries included across all studies were performed for ma-
lignancy (41.7%) or for various underlying etiologies of hyperthy-
roidism/thyroiditis (40.5%). Most patients included in the review
underwent total thyroidectomy (54.9%). The four national database
studies reported on race and household income with majority of
patients being white (64.1%) and most families earning >$45,000
per year [3,6,9,23].

3.4. Definition of high and low surgeon volume

Of the 10 studies included in our review, 5 single-center stud-
ies classified themselves as high-volume surgeons with definitions
ranging from > 50 annual thyroid operations (pediatric or adult)
[22] to > 200 annual thyroid operations (of which > 30 were pe-
diatric specific) [20] (Table 3). Another single-center study self-
declared to be a low annual surgeon volume center with sur-
geons performing < 9 pediatric thyroid surgeries per year [21].
Using multicenter children’s hospital data, a review of the Pedi-
atric Health Information System (PHIS) by Drews et al. defined the
top tertial of surgeons performing pediatric thyroidectomy as high-
volume (> 9 thyroid cases per year) [23]. Al-Qurayshi et al. pro-
posed an intermediate volume definition of 3-30 thyroidectomies
per year which could be more achievable for surgeons practicing
at centers outside of tertiary academic hospitals [3]. Eight of the
ten studies had high surgeon-volume definitions that were based

on annual number of thyroidectomies (range 9 - 200) regardless
of adult or pediatric patients.

3.5. Outcomes

Table 3 displays reported rates of thyroidectomy postopera-
tive complications of interest. Rates of transient hypocalcemia
varied across studies; two national database studies reported a
range of 9.3% [9] to 74.2% [3] for transient hypocalcemia. No-
tably, the single-center study that was self-reported as low-volume
had a rate of transient hypocalcemia (13.6%) comparable to and
lower than some of the high surgeon-volume single-center reports
(range 11.4% [25] - 72.9% [19]). Notably the studies had significant
variations in defining and monitoring hypocalcemia; some stud-
ies classified transient hypocalcemia based only on a lab value
[19,21,23], some required a lab finding and symptoms or supple-
mentation [20,24-26]. Database studies [3,6,9] relied on “hypocal-
cemia” ICD-9 coding which are likely to have significant use
and definition variability across centers. For permanent hypocal-
cemia/hypoparathyroidism, 4 single-center studies used a similar
definition of lab evidence and supplementation required beyond 6
months and they reported rates of 0.5%, 0.6%, 3.2%, and 0% 19,[24-
26].

Transient RLN injury rates were more consistent across stud-
ies. Among the six studies that reported RLN injury rates, all were
under 10% [19-22,24,25]. Al-Qurayshi et al. reported the highest
rate of permanent RLN injury of 8.6% [3] with 7 additional stud-
ies reporting rates less than 2.5% [19-25]. Bleeding rates were also
low across studies (0% - 4.3%). The PHIS database review by Drews
et al. reported data on the largest number of patients (3149) from
52 children’s hospitals over the most contemporary time period
(2005-2016) and found rates of hypocalcemia to be 15.5%, RLN in-
jury to occur at 1%, and bleeding to occur at 0.5% [23].
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Table 2
Demographic summary of 10 studies included in this systematic review of pediatric thyroidectomy patient outcomes by surgeon volume.

Source Pts, n Definition of Age, years % Female Race | Ethnicity? Income | Health Indication for Surgery? Operation Type?
Pediatric patients Insurance?®
Single-center studies
Baumgarten et al., 464 all patients Median 15, 80 NR NR 38% Malignancy, 28% 72% TT, 26% PT,
[19] undergoing Range 2-24 Unspecified, 27% Graves’ 2% Completion
thyroid surgery disease, 6% Completion surgery, 1% Other
at Pediatric surgery, 2% MEN2
Thyroid Center prophylaxis
Breuer et al., [20] 32 < 18 years Mean 9.7, Range 81 NR NR 100% Graves’ disease 100% TT
3.4-17.9
Bussieres et al., 2019 98 (118 < 18 years Mean 11.8, SD 66 NR NR 53% Thyroid nodule, 18% 55% PT, 20% TT,
[21] procedures) 4,75 MEN2 prophylaxis, 17% 18% prophylactic
Unspecified, 6% TT, 7%
Hyperthyroidism, 6% Goiter Completion
surgery
Chen et al,, [22] 171 (186 < 18 years Mean 154, 82 NR NR 75% Nodular disease, 12% 46% TT, 42% PT,
procedures) Range 2.5 - 18.9 Hyperthyroidism, 8% 8% Completion
Completion surgery, 5% surgery, 4%
MEN2 prophylaxis Nodulectomy
Elfenbein et al., [24] 31 < 18 years Mean 14, Range 87 NR NR 100% Graves’ disease 100% TT
4-17
Wood et al., [25] 35 < 18, except for Median 13, Mean 69 NR NR 71% Nodular disease, 17% 54% TT, 46% PT
1 special case 13, Range 3-22 Other, 6% Goiter, 3%
(22 years) Hashimoto’s thyroiditis, 3%
Graves’ disease
Multi-center studies
Al-Qurayshi et al., [3] 644 (425 < 18 years Mean 13.8, SEM 77 58% White, 2% Black, Annual Household 100% Malignancy 74% TT, 20% PT,
procedures) 0.2 30% Hispanic, 4% Income: 17% ( 39,000, 6% Substernal T
Asian/Pacific Islander, 1% 25% 39,000-47,999, 29%
Native American, 6% 48,000-62,999, 30% )
Other 62,999
Drews et al., [23] 3149 < 21 years Median 14, IQR 79 58% White, 12% Black, Primary Healthcare 28% Goiter, 23% Graves’ 56% TT, 44% PT
12-16 3% Asian, 10% Other, 4% Payer: 58% Private, 36% disease, 22% Malignancy,
Unknown Government, 6% Other 15% Nodule, 5% Other, 4%
Hashimoto’s thyroiditis, 3%
MEN2 prophylaxis, 1%
Thyroiditis
Sosa et al., [9] 1199 < 17 years Range 0-17 76 69% White, 8% Black, Annual Household 27% Malignancy, 24% Goiter, 51% PT, 40% TT,
14% Hispanic, 9% Other Income: 21% ( 36,000, 19% Benign neoplasm/ 9% Para T
25% 36,000-45,000, 27% thyroid cyst, 15%
45,001-59,000, 27% ) Hyperthyroidism, 8%
59,000 Thyroiditis, 7% Unspecified
Tuggle et al., [6] 607 < 17 years Range 0-17 76 69% White, 9% Black, Annual Household 26% Malignancy, 74% 51% PT
14% Hispanic, 7% Other Income: Unspecified 41% TT
21% < 35,999 8% Para T

Summary (Pooled
estimates)P

Patients: 6430,
Procedures: 6246

Range of means:
9.7 - 15.4, Range
of medians:
13-15

78.2 (77.0, 79.2)

White: 64.1% (62.8%,
65.3%), Black: 8.9% (8.2%,
9.7%), Other: 27.1%
(25.9%, 28.2%)

25% 36,000-44,999
27% 45,000-58,999
27% > 59,000

Malignancy: 41.7% (40.5%,
42.9%),
Hyperthyroidism/thyroiditis:
40.5% (39.3%, 41.8%), Other:
17.8% (16.8%, 18.7%)

TT: 54.9% (53.7%,
56.2%), Other:
45.0% (43.8%,
46.3%)

2 Based on rounding columns may not add to 100%.
b Estimates were calculated for variables that were reported by four or more studies. Estimates are reported as: point estimate (95% confidence interval).

¢ IQR, interquartile range; NR, not reported; Para T, parathyroidectomy; PT, partial thyroidectomy; SD, standard deviation; SEM, standard error of the mean; T = thyroidectomy; TT, total thyroidectomy.
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Table 3

Surgeon volume definitions and postoperative outcomes.

Source Surgeon Volume High Volume of Specialties of Surgeons Patients, n Transient Permanent Transient RLN Permanent RLN Bleeding (%)
Volume Definition Surgeons in study Hypocalcemia (%) Hypoparathyroidism  Injury (%) Injury (%)
(%)
Single-center studies
Baumgarten et al., > 30 pediatric thyroid High Single center: Pediatric 464 72.9% 0.6% 1.9% 0.4% 1.3%
[19] surgeries | year surgeon, Pediatric
endocrine surgeon
Breuer et al., [20] > 200 thyroidectomies / High Single center: "high 32 18.8% 0.0% 3.1% 0.0% 0.0%
year, > 30 pediatric volume" endocrine
thyroid surgeries | year surgeon & pediatric
surgeon together
Bussieres et al., [21] > 10 pediatric thyroid Low Single center: 81% single 98 13.6% 1.7% 1.7% 2.5% 1.0%
surgery cases (average) | pediatric surgeon, 15%
year pediatric
otorhinolaryngologists,
4% other pediatric
general surgeons
Chen et al.,, [22] > 50 thyroid operations  High Single Center: > 85% 171 12.9% 0.5% 1.6% 0.0% NR
(peds and/or adult) / adult thyroid surgeons
year
Elfenbein et al., [24] > 100 thyroidectomies /| High Single center: endocrine 31 35.5% 3.2% 9.7% 0.0% NR
year, or fellowship surgeons or pediatric
trained pediatric surgeon surgeons, occasionally
co-surgeons
Wood et al., [25] > 100 thyroid surgeries / High Single center: single 35 11.4% 0.0% 0.0% 0.0% 0.0%
year endocrine surgeon on all
cases, multiple pediatric
co-surgeons
Multi-center studies
Al-Qurayshi et al., High: > 31 High, 81.1% General 644 74.2%2 8.6% 4.3%
2016 [3] thyroidectomies | year Intermediate, & surgeon/other, 10.5%
Intermediate: 3-30 Low Otolaryngology, 8.4%
thyroidectomies | year Pediatric surgeon
Drews et al., [23] > 9 thyroid cases [ year  High & Low 67% pediatric surgeon, 3149 15.5% 1.0%2 0.5%
33% otolaryngologist
Sosa et al., [9] > 30 cervical endocrine  High & Low 27% Pediatric surgeon®, 1199 9.3%2 NR NR 3.4%
procedures (adults 21% High-volume
and/or children) | year surgeon, 52% Other
Tuggle et al., [6] > 30 cervical endocrine  High & Low 27% Pediatric surgeon®, 607 NR NR NR NR NR

procedures (adults
and/or children) | year

21% High-volume
surgeon, 52% Other

2 Data source could not distinguish between transient and permanent events.
b Defined by the studies as > 90% of practice involves patients < 17 years old, in this study no pediatric surgeons met criteria for high-volume.
NR, not reported; RLN, recurrent laryngeal nerve.
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3.6. Outcomes of high vs. low surgeon volume

Table 4 compares the four studies that reported outcomes for
both high- and low- volume surgeons. Al-Qurayshi et al. reported
that children whose thyroidectomies were performed by high-
volume surgeons (> 31 thyroidectomies per year) had an 84% de-
crease in odds of complication compared to operations by low-
volume surgeons (1-2 thyroidectomies per year). Notably, when
controlling for race, thyroidectomy type, lymph node metastasis
status, and lymph node dissection status, intermediate volume sur-
geons (3-30 thyroidectomies per year) had an 83% reduction in
odds of complications compared to low-volume surgeons [3]. From
this study, surgeon volume was the only characteristic significantly
associated with outcomes after thyroidectomy; specialty practice
and or training in pediatrics, otolaryngology, or general surgery
did not change outcomes [3]. Similarly, Drews et al. reported a
significant reduction in post-operative complications in total thy-
roidectomy patients treated by high-volume surgeons compared to
low-volume surgeons (20.6% vs. 29.3%, p = 0.001) [23]. The stud-
ies of the National Inpatient Sample (NIS) by Sosa et al. and Tuggle
et al. support this same trend and report lower, but not signifi-
cantly different, rates of general and endocrine-specific complica-
tions in patients treated by high-volume surgeons. Drews et al. did
not find surgeon volume to have an effect on hospital length of
stay but the other three studies report significantly reduced length
of stay for procedures performed by high-volume surgeons. Sosa
et al. and Tuggle et al. also note a significant reduction in cost of
surgery when performed by a high-volume surgeon [6,9]. Tuggle
et al. reported that high-volume surgeons had a mean operation
cost of $12,474 compared to $19,594 for low-volume surgeons (p
<0.01) [6]. Using multivariate regression, Sosa et al. reported that
cases done by low-volume surgeons accounted for $5146 worth of
greater costs than cases done by high-volume surgeons (p <0.01)
[9]. Each of these studies adjusted for demographic and clinical
case characteristics and the association between patient outcomes
and surgeon volume remained significant in two[3,23] of the four
studies.

4. Discussion

Based on the high risk for complications and rarity of pediatric
thyroidectomies, there have been calls for pediatric thyroid pro-
cedures to be performed only at high-volume centers and/or by
high-volume surgeons [15,19,22,27]. This systematic review sum-
marizes existing data on the relationship of surgeon-volume to pe-
diatric thyroidectomy outcomes. A first notable finding is the wide
variation in definitions of high-volume surgeons. High surgeon vol-
ume was defined differently by 9 of the 10 studies in our re-
view. Although there was variation, there is general consensus that
high-volume surgeons perform at least 30 thyroid-type surgeries
(thyroidectomies, pediatric thyroid surgeries, parathyroid surgeries,
cervical endocrine procedures) per year. Comparing a high-volume
threshold of 30 thyroidectomies to data from national survey stud-
ies reveals that a small proportion of surgeons across the country
performing pediatric thyroidectomies are considered high-volume.
Review of 52 children’s hospitals in the PHIS database reveals that
between 2005 and 2016, two-thirds of pediatric thyroidectomies
were done by surgeons who performed fewer than 9 thyroidec-
tomies in the prior year [23]. Additionally, the NIS data shows that
from 2003 to 2010 27% of pediatric thyroidectomies for thyroid
cancer were done by surgeons who performed an average of only
1-2 thyroidectomies per year [3].

Although the definition of high-volume was inconsistent, stud-
ies consistently reported better postoperative outcomes in patients
treated by high-volume surgeons compared to low-volume sur-
geons. Further, no clear additional protective effect was found

Table 4

Summary of studies that reported high vs. low volume surgeon outcomes.

Length of stay

Post-operative complications

Operation
analyzed

Patients, n

Surgeon Volume High
Volume Definition

Source

Low-volume

High-volume

Low-volume

High-volume

OR 0.36 95% CI
(0.15-0.90);
p =0.03

OR 0.16 95% CI  49.8% >1 day 67.9% >1 day

(0.05 - 0.51);

35.9%

14.3%

Total

644

High: > 31

Al-Qurayshi
et al, [3]

thyroidectomy

thyroidectomies | year
Intermediate: 3-30

p = 0.002

thyroidectomies | year
> 9 th

p > 0.60

data not shown  data not shown

p = 0.001

29.3%

20.6%

Total

3149

yroid cases | year

Drews et al., [23]

thyroidectomy
Thyroid and

2.3 days p < 0.01

1.5 days

General complications

8.7%

1199

> 30 cervical endocrine

procedures (adults

Sosa et al.,
2008[9]

Pediatric, 2 days

Other

NS

13.4% Pediatric,
13.2% Other

parathyroid
procedures

and/or children) | year

Endocrine-specific complications

5.6%

NS

11.0% Pediatric,
9.5% Other

2.1 days p < 0.05

1.5 days

General complications

8.7%

Thyroid and

607

> 30 cervical endocrine

procedures (adults

Tuggle et al.,
2008[6]

NS

13.3%

parathyroid
procedures

Endocrine-specific complications

5.6%

and/or children) | year

NS

10.0%
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by studies examining surgeon specialization and/or hospital an-
nual volume [9,23]. The surgeon-volume relationship has been es-
tablished in adult thyroid surgery [10-13,28,29] with adult high-
volume thresholds ranging from > 25 [30] to > 50 thyroidectomies
per year [31]. In 2020, the American Association of Endocrine
Surgeons issued a “strong recommendation, moderate-quality ev-
idence” that, when available, thyroidectomy should be performed
by a high-volume thyroid surgeon, although they did not endorse
a specific case threshold [32]. In pediatric specific thyroidectomy,
Bussieres et al. challenged the call for only high-volume surgeons
to perform thyroid surgery in children and noted that their tertiary
academic center, with a five-decade history of thyroid surgery and
low-volume surgeons, had rates of hypocalcemia and nerve injury
comparable to that of the high-volume surgeons [21]. From their
study, they concluded that surgeon volume alone is not the sole
predictor of surgical outcomes, and suggest that lifetime number
of thyroid cases, rather than cases per year, may have a role in
defining high- versus low-volume surgeons.

Several of the studies offer methods for deciding how best to
handle pediatric thyroid surgeries to increase patient safety while
still allowing a range of centers to perform operations. One study
suggests that all pediatric patients should be referred to high-
volume pediatric thyroid centers [19]. Similarly, the American Thy-
roid Association 2015 guidelines for adult thyroidectomy recom-
mended sending patients with extensive disease and concern for
grossly invasive disease to high-volume surgeons [27]. The NIS
reviews identified current social disparities with Black and His-
panic children and lower-income families having a lower propor-
tion of their procedures performed by high-volume surgeons due
to reduced access to high-volume surgeons [6,9]. While minimiz-
ing postoperative complications is paramount, undue restriction of
which surgeons are recommended to perform pediatric thyroidec-
tomies may disproportionately affect access to care of racial and
ethnic minorities and low-income children. In order to balance im-
proved patient outcomes with equitable access to surgeons, Al-
Qurayshi et al. recommend surgeons complete an average of at
least 3 cases per year to be considered “intermediate” volume.
They demonstrated an 84% decrease in odds of complication com-
pared to operations by lower-volume surgeons. Further, collabora-
tive efforts to partner lower volume surgeons with higher-volume
surgeons may facilitate access to care and confer benefits of having
a higher-volume surgeon present.

Furthermore, development of and adherence to Clinical Practice
Guidelines that direct postoperative lab surveillance and monitor-
ing could also reduce postoperative complications across centers
[19]. Based on the varied definitions of hypocalcemia from the in-
cluded studies, we recommend applying the ATA definitions for
adult post-operative hypoparathyroidism to guide care of pediatric
patients [33]. These definitions differentiate biochemical hypocal-
cemia (below lower limit of center specific range) and clinical
hypocalcemia (biochemical hypocalcemia AND symptoms/clinical
signs) and set duration of 6 months as threshold for distinguish-
ing transient from permanent hypocalcemia. In order to standard-
ize detection of permanent complications, we recommend routine
follow-up at 6 months post-thyroidectomy.

Aside from surgical volume, the reviewed publications all rec-
ommend and emphasize the value of a consistent and highly
trained surgical team as a way to improve patient care. Each single
center study shared a slightly different approach to their operative
team, but all emphasized multiple specialties involved and concen-
trating cases with a few high-volume surgeons. Several centers en-
dorse the use of a combined approach of children’s surgeons work-
ing with a high-volume specialty trained adult endocrine surgeon
[20,22,24,25]. Dual surgeon teams have shown improved surgi-
cal outcomes (reduced estimated blood loss, reduced postoperative
complications) and factors associated with reduced costs (shorter

operating time, shorter hospital length of stay) across a variety
of operations including mastectomy [34], spine surgery [35-39],
and reconstructive surgery [40] . While this is an ongoing area of
study and conversation in many fields [41], additional studies are
required to analyze outcomes and costs of dual surgeon teams in
pediatric thyroid surgery.

Baumgarten et al. raised concerns about the two-attending
team with adult endocrine surgeons suggesting this strategy may
neglect training institutions responsible for adequately preparing
pediatric surgical specialists to be competent thyroid surgeons. In-
stead, they recommend every pediatric surgical trainee to be in-
volved in at least 8-10 thyroid surgeries per year of training and
use an apprentice strategy with a pediatric thyroid specialist dur-
ing initial years of practice [19]. At our academic tertiary care cen-
ter, we have found that having multiple attending surgeons present
for thyroid surgical cases provides tremendous value to trainees
through experience with a variety of technical pearls and vibrant
discussions surrounding operative planning and approach. One op-
tion for low-volume centers, such as reported by Bussieres et al., is
to concentrate pediatric thyroid cases with a single senior surgeon
who trains a junior surgeon apprentice. Bussieres et al. also found
that severe complications occurred in a specific subset of patients
who were either very young or presented with extensive or ad-
vanced disease; they now employ a two-attending team of a pedi-
atric general surgeon and pediatric otorhinolaryngologist for these
cases [21]. As noted, we have adopted either a two-surgeon ap-
proach with most cases being staffed with either a senior-junior
model or a multidisciplinary team of pediatric surgery and pedi-
atric otorhinolaryngology present for most of the cases.

This study is limited by the quantity and quality of studies eligi-
ble for inclusion. The overall quality of the studies was fair to good,
with one poor quality study; most studies were single center case
series and national database cross-sectional studies. The range of
high-volume thresholds set by each study limit this study’s abil-
ity to pool data and make broader conclusions. The relative het-
erogeneity or lack of specific definitions for outcomes of hypocal-
cemia, RLN injury, and bleeding limited the ability to pool data and
perform comparison analyses. Only four studies reported outcomes
for both high-volume and low-volume surgeons limiting the ability
to pool and directly compare surgeon volume to outcomes. Further,
the national database studies are also at risk of not accounting
for confounding variables, such as pre- and post-operative man-
agement of patients, rather than surgeon volume influencing out-
comes.

5. Conclusion

We identified 10 studies that described outcomes of pediatric
patients undergoing thyroidectomy. This review demonstrates that
pediatric thyroid patients have generally better outcomes when
operated on by high-volume surgeons, but there is significant vari-
ation in definitions of caseloads to define high-volume. As surgical
specialties and the field of pediatrics continues to sub-specialize,
pediatric thyroid surgery should adopt a collaborative care ap-
proach and may consider concentrating cases to high-volume
surgeons.
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